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2002-1 7 7 540 A ' 1/ 



mxm 1 1 * y * k * y ? * 

rara&s 2 ] pi^-7^ 9 y )v9 mm&mfct nu^- * * y * * 

BHKte^MMfc k <£ & , P - n ^SHS^ h > * ;H&fC3£#L$&* 

JJtTMR) ftiBft**5fl]ffiL,fc*-f 7fM^TMRt^t:^:: 

k It, iBII-VIIIHfc^^NWIe^Vfi JitntdF* 

ma^* 1 ). znh<v&&\z£z>, p-nm&m&fflfcy >^^a*:»*/6*b* ( 

[»*R4] y y k lt, in-v m& 

y *»»tt¥#*k l-c, ±.miii-mit&w*mm~c r # *tra?-& k--/ 

* OBdSttTMR) r-f*-KKJ:»K ft««*«rWffl tfc^-f ^ ^»**TM 
R*^H»fe*fcCi k *#»k-T *«»«fit9 yyuT9*L***:V -^fo 
5 1 pIa-7^'J7 ^5«14^S#k IT, II-VI^k^tJ 

^MB8tt**#k Lt, JifBII-YI»6<b^****^Vfe itrm^* K-7U; 
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0 0 2 - 1 7 7.5 4 0 ^ ^- v : 

£ •) , fttttt* £f IJ ffl L ifc X yf»* * T M R fcttfc *ttz Z t £ mm. t -t 

\z£ *K fiifa^fcfflffiLrt:** y f TMRf ? t ^Wi: 
[It«C7] pI^-7^'J Lt\ ZnOUCr* 

tU, ZnOKV, Fe, Co, 4fcl*N i , * J:JWP* K-7Lfc**& 
^ttP>0^tz^14^^T-S (i®) £^&< fct— «m±4r^/f 

[fS*^8] ? 'J y *3U8te^MMfcfc ZnOKCriS 

at, ZnOKV, Fe> Co, ifcttNi, i5 i^lTf* K-^Lfc*** 
TMR) m&toJktmmLtizXJ ■yfM*TMRt ; fi:jl 



tBSE# 2003-30567 



^pi; 2002-177540 ^ ^~ v 3/ 



* V y ^ t LT, ±IBIVJfeft#tt4M*frKC r *3 J:^*^* K— "/ 
MR) Kt:i^ m&b**mRLfcx4 yf»**TMRiffJ:J*fc 

te«tfc TMR) r<f*~ KOIIM i:^^^ y^^TMRf^C^: 

3d, 4d, fil^Sd^iill, 4fctt#±*«feK 

[0 0 0 1] 
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2 0 0 2- 1 7 7 5 4 0 ^ ^- v I 4/ 



[0 0 0 2] 

[i&fcO&flf] 

^O^Jiai4#^^ffl^ i ^:MRAMT-(ig^^i&^^ (GMR) SrflJ 
ffl-rs^W/i: >>^/H8«i«tn3a* (TMR) Srfljffli"* 9 4 -7<D--=>tf$>Z> 

[0 0 0 3] 
[0 0 0 4] 

TMRf-f-^IJffl LfcMRAMt'li, TMRl : fl«^''^*> G 
MRt^i-)i:S^iIt-i)-ti^if> ife#ISM*fcfc&o TMRff^ffl 
v^MRAMIt, MOS >9>^^-tTMRtf 

ma£**SE*tT L £ O tz#>X'1b & o 
[0 0 0 5] 



ttifiE# 2003-3056732 



£p 0 0 2- 1 7 7 5 4 0 ^ ^-v: 

[0 0 0 6] 

^'J-b;vtIliDRAMi:W)> ^v^^-Wftfc^TMRff 
4rfflv^ 0 FeRAMaiW*iI«tv^^ FeRAMttt, ti£* 
i*bo£1>*jz&\<*fc*>. -oo f 7 > v X ^ - t roo^iltK* 1 ^* h& 

[0 0 0 7] 

5 0%t5^t?**o £*L£{±^0*^Ki:oT^ffcL£V> e DRAMTiif 
{ii^i^iaot^ftl^v^ D R AM-eii«f w^l $ < t* 
[0 0 0 8] 

[0 0 0 9] 

F e RAM^fiWL^IB^-oit 5 0 0 , CJ2Lfctf>«»K:Lfcv,»fc 

-fX^M'i^^ »ft^«+***m#***ix.&o -tL75 ? > MRAMO 
[0 0 10] 



mSE# 2003-30567 



0 0 2- 1 7 7 5 4 0 ^ ^-v . 

T M R m<0 If <b o # tt 2 % J^I*J K JR* & £ § & rt s > bR««»<^ I* ^ 

CMOS >9^^^^-Ji«»fflHinX^«BBjft^a«*$»t. M 
***-C4 0 OTCOfflK-CinlR^tLio ClOhi, TMRWMRWI4 0 

[0 0 11] 

MRAM^'j-W^^Iil^W^^o 
[0 0 12] 
[f&W^^b ti - ? WM] 

Mwm&immK.x* tmr^^js l^mr am-ci*, tmr**i« 

o TMR*f*ffl^MRAMI±, ii#> MO S h 5 > 9 - TMRffO 

to*** 1 ; ltv^o mo s h 7>vx?-rt ? '.&^&<a 

[0 0 13] 

:;-e, *^^»ftL ttaf-f swinttx 

rv»«0#3Rttt?*a^e>, MRAM^MOS h7>^^-»t*Ct 
**tii*tLtf, MR AMO*»j***«ttfc±»r* - 



WSEiRp 2003-3056732 
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^-v: 7/ 



[0 0 14] 

MMttftSl^ i TMR t^WMR^t^ii 5 0%tet*X~&Z> o 

1 0 0%~5 0 0%»:*§ < J;#^^*fW*ttffiWMRAMOill& 
[0 0 15] 

^<7>MRj££t£^\ CMOS h 9 > 5>* ? -l±1WBiinX^^«E«l*-tR«*S 

it, a*. **+-e4oorojwc*n«fc**i.*o -^t. tmri^mr 

UjlHUMO S h7>^X^-tti*^MRAMW(l Hv«t'07'n 
•fe^^lfei:**), Itt^^lv^cTMROif ttii 5 0 0 °C& JiT?<Dftv> 

[0 0 16] 
[0 0 17] 

[0 0 18] 



fcfcifE# 2003-3056732 



02 0 0 2 - 1 7 7 5 4 0 ^ ^-v : 8/ 

frfc-C^NSttilfeltfWRT-Ji (i®) m<H^ii:^T3iW;> p 
[0 0 19] 

* < t t> , p -Mis J: n -fflO/N- 7>?'J"^ fcftSS&Btt-iMMfr* 

fflv^7t|lfMm^St^>^T^-feX^^e';- (MR AM) tLXmt-$-&Zt 

[0 0 2 0] 

MR AM) Ol&ffrWUKfcofco 
[0 0 2 1] 

RAMtli, .2 0 OICCOV— «f-MBEtfcl±MOCVD*^oap*W»-«±» 
f«»IS^a -txT*» § Ttio C r ^Vfc^oa^ftWfctSAlftftffc 
1 0%~1 5% K-"/i-& Z nO^i^MlUti 0 "biajK*2 

h^m^Tto ^tL<b liMR AM^ ^ 'J - Oi ^ ^TCi^l^W^^ i WUkK. 

/Co 

[0 0 2 2] 
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£p 0 0 2- 1 7 7 5 4 0 ^ .9/ 



tt^sflc^fflv^ffifla^fiL^vrAT^-fe^^* 1 ;- (mr am) itt-e 

(1) plA-7^'J 7^»»nI^-7^>J y^»«tt#*# 

(«TMR) y^*-K^J:9,.lEactt**«ffl 

MR AM) ^So 
[0 0 2 3] 

AT^-bX^^e 1 )- (MR AM) ^fio 
[0 0 2 4] 

(3) p!;w7^'J ^aift*»ftfcU, II-VlMk^W^(ZnSe,Z 
n S, ZnTe, ZnO, CdTe, CdS, CdSe^) C r £ «fc If* - * £ K - ^ t fc** <b ft «9 , 

* tz, niA-7^ * ? rmm&^fct tr> ±Kii-vmft**^*#K: 
gth >^^a*«ttett* (isi^TMR) r-f a— km i •) , mmxzmm t 

RAM) mWo 

[0 0 2 5] 

(4) pI^-7^'J 9?mm*m»t It, III-V (GaAs, 

GaN, GaSb, InN, InAs, InSb, A1N, AlSb, AlAs^) JMt£^S#KM n & £ tf* - * 
tK-^U**fe«:^ nlA-7^'j7^Itt^Ht, ± 

^115, p-n»^fiatfcb>^««®fii2tt* (ISJftJftTMR) ^ 

y^T^W^'J- (MR AM) ^fio 
[0 0 2 6] 



mKE# 2003-3056732 



• ^ 2 0 0 2- 1 7 7 5 4 0 ^ ^- v : 10/ 

( 5 ) ^'J7? t II-VI^fc^#S#(ZnSe, Z 
n S, ZnTe, ZnO, CdTe, CdS, CdSe^) £ C r * J: IT* - * * K - 7 L fc** & * *> , 

) £4>fc< — BULL****,*!* p-i-nlMh>^^S» (& 

C#f:*«il7 > / A ^ ^ V - (MR AM) £§fio 

[0 0 2 7] 

(6) pl^-7^')7^3llttfi#i:t^ III-VMfc^%#^fc(GaAs,G 
aN, GaSb, InN, InAs, InSb, A1N, AlSb, AlAs^) KM n 43 £ * -JUtK-yU^ 

^■JB (iif) £^fc< & — m\>X±.*Hk^tz, p-i-nffl1&«tfcb>*WiB#t« 
tn#b* (ftffiTMR) ^-ft-Kta^ «E«&**fUffibfc*^ 
TMRiffi:«P^fcI*fiSL9>^W^^V- (MR AM) £Ego 
[0 0 2 8] 

(7) pS/>-7^y"^Statt*»ftat, ZnOtiCr^J:^*-^^ 

F e> Co, tTttiNi, *3«fctfW-£ K--/Lfc#*&fc«K £ *L 6 *> M 
flBtttffiH^IS^ii ( i *) < ^ — 1&-t£#^*:\ p - i - n S&«i/b b 

-f v TW&ZTMRmi-^&tttzm&mL? >nr^x^'j- (mra 

M) tfo 

[0 0 2 9] 

(8) pl^-7^^'J y^SWBtt^ifffcU, ZnOCCr^iaVM 

Ot:V, Fe> Co. ifcttNi, & K-7*LW?>4 »K -ttfc 

O^ci-?,, p-n^M®«tn;>>^^a^tnI^jm (fg^tfuTMR) r^T 



ttiSE#2 003-3056732 



^[2 0 0 2 - 1 7 7 5 4 0 ^ ^-v : 

^VfiWX^ 1 )- (MR AM) ^fio 
[0 0 3 0] 

(8) pI/N-7^'J **WBtt«WM:L-C. IVi£#S#(Si,Ge, 74*?* 

P - i -nmmmy y*)vmmmm («jbitmr) ^ *- kk 
x *k mffi®&*mmLtix4 f tmr > ^ 

AT^W^^'i- (MR AM) Mo 
[0 0 3 1] 

(10) P I^-7^'j7^Mtt^#tLt, ™¥##(Si.Ge.*''f'V 

,w 7 ^'j^ 3&*&14^MM* t LT, ±|BIV^k^#S#l" M n £ X Z/m^ 
K - 7 L fc3fc*> & ft <b co p - n y > * ^ifc*ti&tn#&* ( 
MTMR) r-f KfcJ:iK S£«E«i**fOffl U*r^>f y**b*«rTMR* 
^:ttI»7^A7nx^'J"- (MR AM) ^go 
[0 0 3 2] 

(11) P a^-7^'J^iHtt^Lt, IY»^*#(Si.Ge.^^'V 

R*^^#fc*/i?8»«tn:9>rAT^-feX>i*';-- (MR AM) mW.o 
[0 0 3 3] 

(12) III-V**fe^ J MH**'*- XfcL^-7^i"J^ SMte**#* 
ffi^T. p-i-nfai3J:« f p-nM^g:«t/L^>^^«8^ffit/t«l* (tSfitTMR 

^irb9>**AT* (MR AM) SfeHSrf^Ri-A*^ 3 d> 4 d 
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[0 0 3 4] 

(13) II-VttHk«fcW»*^-^ t Lfc^- 
ffl^T, p - i - nlis J: I/p - nlftffi h (i&iStfc TM 

I^ffi^^^AT^^^^^'i " (MR AM) ^g£fE§H-&*§£\ 3d, 4 
[0 0 3 5] 

&m$m®ifanm k «t & t m r *-p *mm l r a m-c tmr«?o« 

o teffiffifki-fcfcfcKpM^-^^V -7^«tt^tnI^-7^'J y 
* mM^I: ^^HBttJlftlWWK™ •( i ») < * * -»I2Lt*tfe^ 

y * 3Sfl»tt**flt*fflv^*rffl««;fi£tlu9 ^A7n^^')- (MR AM) 
[0 0 3 6] 

$ fc, pl/N-7^ 9 V ?9 imm-^fe * 9 V v 9 
Wt<r>&&^ZZ>. p -n&&mmmY>*fr^&ffi®% d&i&fiTMR) 

- (MR AM) ^*0«iS^«6^**« 
[0 0 3 7] 

TMR«f*fflv^MRAMIi, MO S h 9 9 - £ TMRf^O 

m.<fr<£t>-£tzi><D**f)-*frtLX^2>o MOS F^yX^-«W 

tfiliE# 2003-30567 



2002-177540 ^ ^- v : 13/ 

HMOS h7>yX^-^-f7f-lii: LXt'o U^^f^^o 
[0 0 3 8] 

- K*ffiv»*CI tKX *K MOS h?>^**-fcL©n*fc**-TN L^*>, 
[0 0 3 9] 

[0 0 4 0] 

^J15«tt^m^ffl^^TMR^<7)m#tt(i3 0 0 o C-eoMSiaEtrft 

«<7)MRifc*t&^ cmos h?>isx9-ummj: j ?£mmmmmz'x: 

It, a*, **»f"C4 0 0r«)«Kt»JPlR**t* o dcofci, TMROMRJfcli 

MRfRT-Ol^Wtttt 5 0 0 < Cm_h-e<^^v^® ! a?aS-eftli5<7)MRit : Sr t h ( 1 
0 0-5 0 0%) CLfcSrMWlCjpJffli-^Clfc^W**^^ *£3fcO&«?KB:# 
^v^;TMRt^:i*MRAMtlfctU, ^t:i^»^-7^'J ? * 

[0 0 4 1] 



taSE# 2003-3056732 



0 0 2 - 1 7 7 5 4 0 ^ ^-v : 

o^*ffcfc#?SUHT-*ofcj& s , atttTn^^aK^**^^*''* (2-3 0% 

[0 0 4 2] 

v^MRAM1?lii*»Ktta#^#M^ n *^ t l ii l c ^ *° 

[0 0 4 3] 

[H^O^IifeOf^] 

wtiW^fcje), GMRt^n nn^git^ - 1 wt^t , 

>H8»»tfi3ft* U&JStfcTMR) ^>f*- K*ffc*Lfco 
[0 0 4 4] 

* < r *> . p -Mis «fc Xf n -|©a- 7 ^ * 'J -y * fc^&ISSMSte^* 

ft^H,^:iIMSi7 > 7 f -t ^ ^ V - (MR AM) tLXW>ft-f& 
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^-v! 15/ 



[0 0 4 5] 

^>j.^ 3£mi£¥## 2 t h , p - n g^gHg^jft b > * >HB*C« 

tttt* MTMR) ^t-Kt:i»), *l, MOSh7> 

^AT^-b^^'J- (MR AM) OlWfrWfllfcfcofco 
[0 0 4 6] 

^MRAMIi, MHt> MOS f7>v'X^6 tTMRWft^W^ 17 ) 
[0 0 4 7] 

TMR) ^4*- K^SiiBft^J:*^^ ?f»**TMRff C«ffc*4ifc 
*K a^Jfc^^AT^-feX**^- (MR AM) frf^R-*"**^^ 3 
d»fc*PF*MMME* TMR»t*J«+*»^**»«>5ftattlEIW* ( 
K) <Dm$k*7Flrr7yX'$>2>o 

[0 0 4 8] 

El 5 »±, II-VI*ffc^**fc*'*-* £ ^ w7 ^ * ,J " 
fcov>T, jLSBp-i-nS33J:a f p-nlHg:aSta;>>' : t^H»^«tfc«i* (l&Sifc 
TMR) ^ K^MMl: i I. ^ 'f TMR - ^ 

a^fct^>^7***;<^ , J- (MR AM) fcfNKH-&»£-fc. 3 



ffiiEJft 2003-3056732 



2 002-177540 ^ ^- v : 

[0 0 4 9] 

*S&lJ!"C*i* pMisJ:tf ntS*)^-?* 9 l ) v * a&flfcte^MMfc^ * * p - n 

S b 9 > LWl*t^4 Wf:* v Sit Wit* >) , 

fc, MOS h9>y^^-0^*«>«i!L-/n«feA^j^35*0-C, Si&Wiiit 
■fulixZm^X, H»i«TinilftMRAMtll!5St4i^S4o 
[0 0 5 0] 

tliltf Il^i ^TMRt^OMRf 5 0 

[0 0 5 1] 

H6fc, pi(Mn K-70iJJ:D r nfl(Cr K--/)III-V»#*»tt**# (G 
aAs, GaN) O/W^'J^ {-■fi<DX\£>&* 9 V <> 

[0 0 5 2] 

B7fc, p3B(Mn5%K— /)III-V»*»«tt**# (GaAs, GaN) Otttttt 
g#SI<7) * - & i OTtff-iftfttfeSte * TK-fo 

H8fc, Mn*5%K-^LfcIII-VK*SB8tt**ff (GaAs, GaN) <D^-7 

ttvyti&mvr**'?*- (M g ) sj^k-j— (o) mmtm&*7* 

■to 

[0 0 5 3] 

m* + > M yftiifctiot 1 0 0-5 0 0%J^±^i^MRWt 
ffcsp 10 0-5 0 0%T?***«a»-t»il 0 0%7f>^SL^ 
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^[2 0 0 2 - 1 7 7 5 4 0 ' ^ ^-v I 

[0 0 5 4] 

S^MRlk«rt&**, CMOS b 9 > v X * -tt*ffliral*£Hffi*fc»«*3: 
It, **»fC4 0 0t:oiftft-elHI«l**t*o -W^> TMR^MRJtti 

r)Nt.p-I(Ga,Mn)N^f)*STMR («#(ii-GaN) , £fcl±n-M( 
Ga,Cr)Asip-I(Ga,Mn)AsH4iTMR (*ft»#t±i-GaAs) . 

[0 0 5 5] 

*©MRJfc*fcA (1 0 0-5 0 0%) 

t\ W^Ift^fl^fflv^^TMRf^iaiMRAMtlfctlt, * 
[0 0 5 6] 

<&JR&?K14#»Mfcffiv > fcMRAM'?lis fe^O^-f X**/J>$ < 

-3 0%) ^ - 7 ^ 'J ^ft»5l«ttf i 1 1: J: o t, ***fls 

[0 0 5 7] 
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MfcitfnS^-?* * y ^fWttW^ffl^^MRAMtl^ 7 0 0 
-7 5 OWTV^-T • ^V-XMBE^ECR(tOD h^**)^ 
X7V-Xi:±SMBE, ifcliMOCVDft fc*<Z>3££ W 

[0 0 5 8] 

C r n =5; ^(O^tl ^^b^S^ ^ 2 % - 3 0 % K-7i"Afci&, ®^ 
OGaNfi«^fiSi •) *>SJ£* 2 0 0 < C@S1&< Lfco -tUCi I), 

fcv*MRAMS£^#*#&9!K* Oiai^o 
[0 0 5 9] 

mmm 1 ) 

n-I(Ga,C r)N*5J;y f p-M(Ga, Mn)Ni:J:^-7^'J y 
* JB v * M R A M Ofls» 0 

H 1 fcjjH" J: d TMRi^WW^^^^Pl^-^^ * V y *3£ 
^###T*ab*p-M(G a,Mn)N(MnSSl 0%)inI^-7^ 'J v 
2 SM14#-^#^£> & n-I(Ga,Cr)N(Cr stJ^ 1 0 %) ■ClNBttt**'* 

W^m (i«) G aNSr^T-Jf t-^-c2Jf$A,tf:\ P - i-nSH&mtfci^*^ 

[0 0 6 0] 

^if^^TMR^^isv^T, If? YffiLtV - K«ltC5meV^f> 2 OmeVOjg; 
-bx^'J- (MR AM) ttTftft-t-^it^K^^o 
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^- V : 19/ 



[0 0 6 1] 

*B»W*tW-C*&o ##a*l*W^tt*ffitll*W«>, 0. 2-1. 3nsh 
[0 0 6 2] 

H2^ti J )^ ^ ^ 'J 7 ^»^f#T^S p -K . 

Ga, Mn)N(Mn*j«6%)fc *V * * SMBtt¥*ffr-C** n - 

g(Ga, Cr)N(Cr$i6%)^l^:U, p-ntt#Mffl*b 

&a&insb* (fii^TMR) ^l^*- Kt:i^ ra^asE***** 1 ****- 

£$rM£&^ y^Ti'-trX^^') - (MR AM) Offifffcrt^TfiBK ^° 
[0 0 6 3] 

£10%) /n - 7 ^ 'J 7 ^filttff^^fflv^ c i C J: o ffiJMfttt 
fciWLT 1/1 0-1/1 0 0&±^$*&-fcri s -e§£O-C, 

o 

[0 0 6 4] 

(JEttfll 2 ) 

n-H(Z n, V)0i3J:0 f p-M(Z n,Cr)0i:i^-7>^'J ? *tf»3fi 
Ift^i^^ p -1(Z n, C r )N(C r ilJt 1 0%)tnI^-7^U y 

^aaatt##»-^** n-8i(z n, v)n(v^e i o %) tt^ttwi^ 

Jf (iJf) Z nO&J^JS^ov>T3Jf &A,*f> p- i -nMfilStfi: b >*>H8*C 

tfiSE# 2003-3056732 



^2 0 0 2- 1 7 7 5 4 0 ^ ^-v : 

[0 0 6 5] 

$i^WTMRf?i:^v>t, If? hi»i:7-mtC8meV^t>2 5meV^S 

-tx^ 1 ;- (mr am) tu-cift^-r^-fc^e^^o 

[0 0 6 6] 

SH»iW4*>^**o »§&*l*M^«E*Wt«PM«>, 0. 16-2: 3 ns 
[0 0 6 7] 

HI 2 Ic^-t-J:^ pl^-7^3"J 7^SIItt¥iM^.p-I( 
Z n , Cr)N(CrItl5%)J: nl^- Mtt¥*flrC** n 
-I(Zn,V)N(V?Ml 5%)fcO*^HJ:*, P -n**MHfitt > **** 
$tiS*/b8j* (EdfiiftTMR) Saft^^—KKJ:*), W»*«Efflt«»** , »^^ 
MOS h7>yx^-^^^v\ V y ^ftfS&^te^tt&ffl^fc 

fMS&^^Ar****^- (MR AM) OlbfWertfe^^^^o 

[0 0 6 8] 

Oh 15%) ^-7 ^ 'J y ^SM^if^ffl^^ ^ i: i o t, 
O^Jt^LT 1/1 0-1/1 OOttl^^-t* 1 ^*^^ 

[0 0 6 9] 
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(FeRAM) l±#§ft£il&riU 0 12@e£-C* >K 1 O^W^SElw 

[mi] 

J: 19 gftg&ilftiN^irT-Jl < i: -« J2Uifc «i S fr#3&<^ p - i - n 

aM&i&fA; h > * >nB«»ac»* tmr) ii^^-na^ *r£U8*i 

^flt^^T^-feX^V- (MR AM) $tw<r>m£mx-ib2>o 

[HI 2] 

x^^'j- (mr am) tt^m-e^^o 
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